ABSTRACT
INTRODUCTION
Starch is the main source of the carbohydrates in the human diet due to its abundance in the nature. Starch granules are made of glucose polymers, named amylose and amylopectin and found inside the vegetable cells from where they are extracted for the industrial applications by the food, textile and pulp and paper industry. The selection of the starch for the industrial uses is made considering its availability and also its physicochemical characteristics that vary depending on the source. Due to this, each natural or native starch is considered unique. As the industry demands for new technological properties, several nonconventional starch sources were studied in the last years, including the Peruvian carrot (Arracacia xanthorrhiza, Bancroft). Peruvian carrot is a tuberous crop brought from the Colombian Andes to Brazil in the early 1900 and its cultivation is concentrated in the Southern region where the climate is favorable. In Brazil, this crop is known as mandioquinha, mandioquinha-salsa, batata-baroa or batata-salsa (Câmara and Santos, 2002) . As the South American tuberous crops are relatively less studied for the commercial starch production, Brazil has a great opportunity of becoming an important global player in the new starch market that is searching for the natural products with different properties from the common starches, i.e., corn, wheat and potato, that are produced in the large scale by the developed countries (Leonel and Cereda, 2002) . In order to increase the industrial applications, the starches are modified by the physical, chemical or enzymatic treatments. The oxidation results in partially converted or degraded starches that are able to produce the high fluidity pastes at high solids concentration, being classified as thinboiling starches. Hydrogen peroxide is one of the reagents employed to produce the oxidized starches and the reactions that occur during the starch modification are described as very complex (Parovuori et al., 1995) . The oxidized starch has been widely used in many industries, particularly for the paper, textile, laundry finishing, and building materials industries to provide surface sizing and coating properties. The oxidized starch is also becoming increasingly important in the food industry for its unique functional properties such as low viscosity, high stability, clarity, film forming, and binding properties. This can be used as a coating and sealing agent in the confectionary, as an emulsifier, as a dough conditioner for the bread, as a gum arabic replacer, and as a binding agent in the batter applications (Wang and Kuakpetoon, 2006) . The characterization of new starches from the alternative sources was the objective of this work that also included the production of the oxidized starch and the evaluation of its physicochemical properties.
MATERIALS AND METHODS

Materials
In this work, two varieties of Peruvian carrot from the two cities (Castro and Piraí do Sul) from the Campos Gerais region of the Paraná State (Brazil) were evaluated. The variety 'Amarela de Carandaí' was collected from Castro (ACC) and from Piraí do Sul (ACP) and the variety 'Senador Amaral' only from Piraí do Sul (SAP). All the roots were harvested in August 2004, around one year after planting. The soils where the roots were produced were rich in clay and chemical fertilizers were provided with phosphorous and potassium chloride, using the vegetative multiplication. The reagents used for the analyses of the fractions (flour, starch and bagasse) were of analytical grade. Commercially available industrial enzymes, a thermostable alpha-amylase (Termamyl   ®   ) and an amyloglucosidase (AMG ® ), both from Novozymes (Araucária, PR, Brazil), were also employed.
Samples
The Peruvian carrot starch was obtained as described by Peroni (2003) that extracted the cassava starch, with some adaptations. Cold water (around 5 °C) was employed in order to minimize the enzymatic browning as well as the microbial growth. The extracted starch and the resulting bagasse were oven-dried and their chemical composition was evaluated.
Chemical modification by oxidative treatment
The starches were modified by the reaction with hydrogen peroxide as described by Parovuori et al. (1995) . The concentration of hydrogen peroxide was initially checked on the reagent. As catalyzer a 0.01 % FeSO 4 solution was used and the pH was corrected to 3.0; then, starch was added and kept in the suspension by mechanical stirring. Hydrogen peroxide was added to the starch suspension to a final concentration of 1.25% and the reaction occurred at 20 °C for 15 minutes. After this period, the starch was recovered, washed and oven-dried at 45 °C for 24h.
Chemical characterization
The moisture, lipid, protein and mineral residue contents were analysed as described on AOAC (1994). Total carbohydrates were calculated as difference.
Fiber
The fiber content was determined and then the starch analysis was made, employing the dietary fiber method (AOAC, 1997) with some modifications. At first, a dialysis was made to eliminate the low molecular weight components (<14,000 Da) and only the material that was retained in the dialysis bag was hydrolyzed . After the enzymatic hydrolysis, a fraction was collected for the starch analysis. The remaining material was weighed, filtered and washed with 78 and 92 °GL ethanol and acetone in a nº 2 filter crucible that was dried in the oven at 105 °C for 24 h. The mineral residue and protein content were measured and subtracted from the total dry weight and then the fiber content was calculated.
Starch content
The starch contents of the milled dry roots, bagasse and starch were determined after the dialysis against the tap water . After this, the samples were hydrolyzed with Termamyl ® and AMG ® and then a glucose oxidase kit was used for quantifying the glucose and the starch content was calculated (Dahlquist, 1961) . Blanks were made with the commercial enzyme preparations for allowing the starch determination.
Differential dyeing and microscopy of starch granules
The starch granules were observed by the light microscopy after being dyed with the methylene blue (Christianson et al., 1969; Snyder, 1984) for the qualitative information about the negative charges of the carboxyl groups. The samples (around 100 mg) were suspended in 25 mL 0.1% methylene blue and stirred for 10 minutes. After this, the samples were exhaustively washed and recovered by centrifugation, dried at 45 °C for 24 h and observed with an Olympus BX41 light microscope, and photographed with a 5.1 megapixel digital camera (C 5060 ADU).
Carboxyl content
The carboxyl content of the starches was evaluated as described by Smith (1967) and employed by Parovuori et al. (1995) . With the objective of acidifying the carboxyl groups of the samples, 500 mg of starch was suspended in 30 mL of 0.1 mol L -1 HCl for 30 minutes at room temperature (around 20°C) and maintained under the magnetic stirring. After this, the starch was exhaustively washed and recovered by centrifugation (2,000 g) until the pH raised close to neutrality. This procedure was named de-mineralization by Smith (1967) . The starch was then quantitatively transferred to an Erlenmeyer flask and dispersed in 300 mL of deionized water. This suspension was heated at 97.5 °C under agitation to promote the complete starch gelatinization. The hot starch solutions were titrated with 0.002 mol L -1 NaOH until pH 8.3, using the phenolphthalein as indicator. The results represented the carboxyl content of the starch samples, but could include the fatty acids complexed with the starch (Mattisson and Legendre, 1952) . The carboxyl content was calculated by the Equation 1: %COOH = mL of NaOH spent with the sample x mol/L of the NaOH x 0.045 x 100 /g dry sample.
(Eq. 1)
Reducing power
The reducing power (RP) was measured as the reduction of ferric to ferrous cyanide by the starch, with the generation of a precipitate. The ferric ions in excess reduced the iodine which was titrated with the thiosulphate. 
Swelling power and solubility
The swelling power and solubility of the starches were evaluated as described by Leach et al. (1959) , with few modifications. The samples were weighed (0.2 g, wet basis) in tared centrifuge tubes and 18 g of the deionized water were added. The suspension was agitated and immersed in a water bath with agitation for 30 minutes at 65 to 85 °C. After this, the external walls of the tubes were dried with the absorbing paper and the tubes were completed to 20 g with the deionized water. The tubes were closed, homogenized and submitted to a 3,400 rpm centrifugation (2,000 g) for 15
minutes. An aliquot of 5 mL of the supernatant was taken and dried in an oven at 105 °C for 24 h for determining the solubility. The resulting pellet was weighed and the swelling power and solubility was calculated by the Equations 3 and 4:
% Solubility = soluble starch weight x 400 / sample weight (dry basis) (Eq. 3)
Swelling power = pellet weight x 100 sample weight (dry basis) x (100 -% solubility) (Eq. 4)
Apparent viscosity
Starch apparent viscosity was evaluated by using a Rapid Viscoanalyzer (RVA 4, Newport Scientific, Narabeen, Australia). The samples (2 g of dry matter) were suspended in 28 g of the deionized water and 0.2 mol/L acetate and phosphate buffers, with pH values of 4.0 and 7.0, respectively. The suspensions were homogenized in the aluminum canister of the RVA, equilibrated at 50 °C for two minutes and heated to 95 °C at a 6 °C/minute rate and kept at this temperature for five minutes. After this, the samples were cooled to 50 °C at the same 6 °C/minute rate. From the collected viscoamylograms, the main points of the interest were the pasting temperature (°C), viscosity peak (RVU), setback (RVU), break (RVU) and final viscosity (RVU). The apparent viscosity evaluated by the RVA was measured in the empiric RV units (Demiate et al, 2005; Franco et al., 2002) .
Syneresis
The starch samples were suspended in the deionized water (8 %, w/w), gelatinized and kept boiling (97.5 °C) under agitation for 10 minutes.
The paste was divided in three portions of 50 g and frozen at -18 °C in the hermetic plastic cups. The pastes were submitted to three freeze-thaw cycles, being kept into the freezer for 72 h and thawed at 45 °C for three hours (Wosiacki and Cereda, 1985; . The amount of the water liberated from the pastes under the reduced pressure (-490 mmHg) was measured gravimetrically after thawing and expressed as the liberated water in relation to the initial weight.
Paste Clarity
The paste clarity was evaluated by determining the percentage of the transmittance (% T) of 1 % starch pastes, as described by Craig et al. (1989) . The starch suspension was heated for 30 minutes in a boiling water bath (97.5 °C), with agitation to ensure complete pasting. After cooling to the room temperature (around 20 °C), the transmittance of the pastes was measured at 650 nm, using a FEMTO model 432 spectrophotometer (Femto, São Paulo, Brazil) .
Thermal analysis
The thermal analyses were performed on a Shimadzu TG-DTA model TG-60 (Shimadzu, Kyoto, Japan). The analyses were run in a synthetic air atmosphere at a flow rate of 100 mL/min. in the opened alumina crucibles containing around five milligrams of starch at a heating rate of 10°C/min. The analyses started at 30°C and the final temperature was 600 °C.
RESULTS AND DISCUSSION
Peruvian carrot starch extraction
Although evaluating the starch extraction yield was not an objective of this work, the data were obtained ( The starch of Peruvian carrot is not commercially available and there are few scientific papers about its physicochemical properties. As cited by Bermudez (1997) , the extraction technology has great influence on starch yield. Although Hurtado et al. (1997) related the theoretical yields of up to 20 -30 g/100 g, in the laboratory extraction only 6 to 13 g/100 g were obtained. Pereira (1997) , considering the nutritional value of Peruvian carrot, described the starch content of the roots as 23 g/100 g. As the starch granules dimensions influence its extraction and purification as well as its functional properties, it is very important to know these characteristics. Vieira (2004) evaluated the Peruvian carrot starch granules dimensions and found the diameters between 3.2 and 26.4 µm to 4.1 and 29.7 µm. 
Chemical composition of the roots, bagasse and starch of the varieties of Peruvian carrot
The results of the chemical composition of the roots are presented in Table 2 and are in accordance with that of Pereira (1997) . The chemical composition had differences between the regions as well as between the varieties, which suggested that both the genetic and agronomic factors influenced them.
Carboxyl content
There are several types of the oxidized starches, produced by the treatment with hypochlorite, peroxide, UV radiation, that could present the carboxyl groups in their macromolecules (Cereda et al., 2003) . The carboxyl contents of the starches are shown in Table 3 , expressed as COOH/100 g of the starch. Evidently, the modified starches have higher carboxyl contents when compared with the native ones. The carboxyl groups are formed during the oxidative modification of the starch macromolecules that also causes increase in the reducing value due to the partial fragmentation of the polymers. Although the oxidized starches had higher values than the native ones, as these values were low, was showing the differences from the literature, mentioning that the oxidized starches should have high carboxyl contents (up to 1 %), produce low viscosity pastes, have lower molecular weight than the respective native starches and have low tendency to retrogradation due to sterical hindrance promoted by the large carboxyl groups that substituted some hydroxyl (Daiuto, 2005) . Table 4 shows the reducing power of the native and modified starches. The highest values were observed for the starches modified by the hydrogen peroxide treatment. The increase in the reducing value could be explained by the partial degradation of the polysaccharides during the oxidation reaction. There was formation of smaller macromolecules than the original with the consequent increase in the concentration of the 
Reducing power
Differential dyeing and microscopy of the granules
The intensity of the dyeing is an indicator of the density of the charge in the starch granules (Christianson et al., 1969) . The results (pictures not shown) allowed the observation of more intense blue color for the modified starches that had more carboxyl groups as confirmed by the carboxyl analysis. Demiate (1999) studied the native and potassium permanganate/lactic acidmodified cassava starch and detected intense blue color on the starch when modified by the oxidative reagent and only light blue color on the native starch. It is well established that the hydroxyl groups of the starch result on a weak anionic character. Charged starches, due to some types of the chemical modifications, have high affinity for the ionic dyes. The oxidized starches present an anionic character and the intensity of the dyeing can be associated to the level of chemical modification.
Swelling power and solubility
The results of these analyses depend on the total gelatinization of the starch granules that must be carried out in the excess of water, allowing the free and complete swelling of the granules (Ciacco et al., 1982) . The results of the swelling power and solubility at 65, 75 and 85 °C of the native starches are presented on Table 5 . In the case of the modified starches, it was not possible to measure the swelling power and solubility due to the fact that the samples produced very fluid and transparent pastes as described by Takizawa et al. (2004) who studied the starches modified by the potassium permanganate and lactic acid. Considering the molecular level, many factors affect the degree of association, composition and distribution of the crystalline zones; the ratio amylose/amylopectin, their average molecular weight, degree of branching of the chains, conformation and length of the external chains of the amylopectin fraction (Asaoka et al., 1992; Leach et al, 1959) . As related by Hashim et al. (1992) , during the gelatinization the starch granules have a limited swelling and only a small proportion of the carbohydrates is solubilized but at 90 °C, both the swelling and solubilization degrees increase. The solubility of the starch granules is more related with the amylose fraction that leaks from the granules. As shown in Table 5 , the starches became more soluble at higher temperatures (important for food applications of starch). Many easy-to-cook processed foods that have high contents of starch, such as the soups, puddings and creams are based on high solubility heat-treated starches. These starches, due to previous cooking, are named pre-gelatinized and when added to the foods, make their preparation very easy and quick (Ciacco et al., 1982) . 
Apparent viscosity
As discussed by Jane et al. (1999) , the paste properties of the starches are affected by amylose, lipid and phosphorous contents as well as by the distribution of the length of the amylopectin side chains. Amylopectin favours the granule swelling and pasting whereas amylose and lipids inhibit. Figures 1 to 3 show the RVA viscoamylograms of the native and modified starches, considering the distilled water, pH 4.0 acetate buffer and pH 7.0 phosphate buffer as the solvents. The influence of the pH was pronounced on the modified starches. The native Peruvian carrot starches had an average viscosity peak of 432 RVU. When the native starches were pasted at pH 4.0 acetate buffer, their viscosity peaks were very close to that found for the analyses in the distilled water but when the analyses were made with pH 7.0 phosphate buffer, the viscosity peaks were higher. These results showed that in more acidic environment, the native starches had lower viscosity peaks than in the neutral pH values. The viscosity peaks in the distilled water of the native starches from the variety Amarela de Carandaí from Castro ( Fig. 1) and from Piraí do Sul (Fig. 2) were of 400 and 391 RVU, respectively, and that of the Senador Amaral was of 504 RVU. The modified starch of the variety Senador Amaral from Piraí do Sul (Fig. 3) had a drop in the viscosity peak that was of 175 RVU, when analyzed in the distilled water. This was the lowest viscosity peak among the samples and should be related with other results for this starch that presented high carboxyl content (0.33 %) and the higher reducing power value (73.4 mg Cu/g of starch). When this sample was analyzed at pH 7.0 buffer, its peak viscosity was close to zero (4 RVU). For the other samples, ACC and ACP, the viscosity peaks of the modified starches were of 304 and 359 RVU, respectively. It is well stated that the modification of the starches by the oxidative treatments causes partial degradation of the macromolecules as well as carboxyl groups' introduction in the starch structure (Muhrbeck and Wischmann, 1998) . All the oxidized samples had lower pasting temperatures (from 57.2 to 61.9 °C) than their respective native counterparts (from 59.1 to 62.5 °C). When cooked under the agitation, during the viscoamylogram analysis, both the native and modified starches were unstable and their viscosities decreased quickly after the peak. The Peruvian carrot starch is known for its low pasting temperature and this characteristic is very favorable for some food uses as in pre-cooked noodles, soups and puddings. Peroni (2003) stated that the amylose level and the paste properties could make Peruvian carrot starch very useful for the special diets for the infants and old people; this starch could cook very easily with limited retrogradation.
The native starches in all the solvents had higher tendency to retrogradation (from 40 to 72 RVU) than the modified ones (0.7 to 21 RVU). In the specific conditions of the RVA analysis, this lower retrogradation tendency of the modified starches should be explained by the presence of carboxyl groups and also by the molecular degradation due to the chemical modification. The viscosity peak of the cassava starch (250 RVU), cited by Takizawa et al. (2004) , was lower than that found in the present paper for the Peruvian carrot native starches (average value of 432 RVU). The differences between the starches from different sources are attributed mainly for the molecular weight of amylose and amylopectin chains and the amylose content. The final viscosity is an important quality indicator for the food use of the starches due to the fact that in most cases this will be the viscosity on the final product that arrives on the consumer's home. If a starch produces high or low viscosity paste, it can be used for different applications.
For the soups, for example, low viscosity starches should be preferred, but for the use as the gelling agent in the pie filling, a high viscosity would be desired for preventing the spilling during the transportation. Other functional properties of great interest for the food industry are the stability to cooking at high temperatures under the stirring and acid conditions (Daiuto, 2005) .
Syneresis
The pastes formed during the cooking of the starch suspensions on excess water are not stable and suffer transformations on cooling and storage that are referred as retrogradation. Starch molecules are rearranged with the formation of a more ordered structure, releasing undesirable water, called syneresis (Atwell et al., 1998) . The percentages of the liberated liquid by the starch pastes are shown in Table 6 . Parovuori et al. (1995) reported that the highest liquid liberation from the pastes of oxidized starches could be associated with the weak starch structure and lower molecular weight of the starch polymers. * each value is the average and deviation of three determinations.
As expected, the liquid liberation increased with the sequence of the freeze-thawing cycles for all the studied samples. There was influence of the way the paste was produced and stored over liquid liberation (Yuan and Thompson, 1993) . There was a phase separation and formation of ice crystals during the freeze-thawing. During the thawing, the starch paste was composed of a starch-rich phase and another deficient. This phase separation was evidenced with the sequential freeze-thaw cycles due to the increase of the concentration of the retrograded amylopectin molecules in the aqueous phase rich in the starch. The functional property of presenting the low retrogradation tendency has been related to different starch compounds. The syneresis phenomenon was firstly attributed to the amylose molecules, that re-associate with the inter or intra-molecular hydrogen bonds (Dreher et al., 1983) . Hoover and Sosulski (1991) suggested that the syneresis intensity could be associated with the amylose content, degree of starch polymers association, length of amylopectin side chains and amylose and amylopectin degree of polymerization. The methodology of the freezethawing has the objective of simulating what happens during the processing, storage and commercialization of food products. In most cases, the liquid liberation is undesirable and has negative effects on the texture, appearance of sauces, meat products, salad dressings and desserts.
Paste clarity
The transparency/opacity of starch pastes is an important quality attribute and varies considerably with the botany origin of starch. The results are shown in Table 7 and are in accordance with previously published data (Takizawa et al., 2004) . Higher amylose contents produce opaque pastes and lower contents produce clear, transparent pastes. As shown by Moorthy (1994) content of this starch that was analyzed by Leonel and Cereda (2002) and corresponded to 23 %. In the case of the modified starches, the values were higher, from 86.0 to 96.5 % of the transmittance, being considered transparent pastes. This high transparency could be related to the carboxyl groups of the starch molecules and also to the oxidative depolymerisation confirmed by the results of the reducing power values. Craig et al. (1989) reported that the formation of the inter and intra-molecular junction zones resulted in opacity and was probably associated with the amylopectin molecules. They reported 73 % of transmittance at 650 nm for the native cassava starch, higher than the values of the Peruvian carrot native starch. Karam (2003) studied cassava, corn and yam starches, and found that the paste clarity could be explained not only by the amylose content but also by the molecular length of amylose that would suffer rapid re-association. The low stability and clarity of amylose solutions are due to easy reassociation of linear chains by the hydrogen bonds. More opaque pastes would be desired for foods like puddings and ready-to-eat desserts (Hoover, 2001) , and this characteristic is found on Peruvian carrot native starches. The modified starches, on the other hand, produced the transparent pastes and could be used on the pie fillings, for example. 
Thermal Analysis
The thermo-gravimetric (TG) and Differential Thermal Analysis (DTA) were employed for studying the native and modified starches of the Peruvian carrot. Deep modifications and structural changes occurred on the starch molecules during the heating. The degree of alterations depends on the temperature and time and in drastic conditions, complete carbohydrate degradation can occur (Aggarwal and Dollimore, 1998) . The results are shown in Table 8 and are also illustrated in Figure  4 . On the DTA curve, the difference of the temperature between sample and reference was measured (∆T= T s -T r ) (Ionashiro, 2005) . In the case of TG the sample mass (g) was continuously monitored as the function of the temperature (T) or time (t). The differences observed on TG curves represented the mass losses and could be quantitatively collected (IONASHIRO, 2005) . As described by Soliman et al. (1997) , three distinct regions are observed on the TG curves: 1) the region below 150 °C that represents the evaporation of the water and of other volatile compounds; 2) the principal region of degradation; 3) the region of propagation reaction. These regions were quantified (Table 8 ). The moisture represented the first mass loss, between 100 and 150 °C. The onset was considered the tangent of the TG curve being calculated and presented in Table 8 . Higher onset temperatures were found for the native than for the modified starches. Soliman et al. (1997) studied the native and potassium permanganate-modified corn starches and also found higher onset temperatures for the native (275 °C) than for the modified samples (250, 237, 230 °C) . This temperature was considered as the initial pyrolysis of the starch molecules. The results, as also described by Soliman et al. (1997) , suggested that the oxidized starches were more sensitive to the thermal degradation. The mass loss showed in Table 8 occurred in the temperature range of 150 -600 °C and was higher for the native starches than for the modified ones. Aggarwal and Dollimore (1998) , studying the partial hydrolysis of the corn starch, described the polyhydroxyl groups elimination reactions, concomitant to the depolymerization and degradation of the starch. In the DTG, the derivative of the mass loss (dm/dt) is plotted as a function of temperature or time. The curves are the first derivative of the TG data and indicate the temperatures in which the degradation processes start and that where the reaction maximum velocity is reached (Ionashiro, 2005) . These DTG curves are shown in Aggarwal and Dollimore (1998) concluded that due to the high superficial area of the partial hydrolysed starches, it was possible to explain their lower degradation temperatures when studied by thermal analysis. Soliman et al. (1997) comparing the native and oxidized starches noted that the activation energy changes were due to the carboxyl content of the modified samples. Their carboxyl results for the native and oxidized corn starches were comparable to the data found for the Peruvian carrot starches.
AKNOWLEDGEMENTS
The authors are grateful to the Conselho Nacional 
